Background. e risk of hypertension differs according to lifestyle factors and individual constitution types. e aim of this study was to investigate the effect of lifestyle factors on hypertension and to assess whether those effects differ according to the constitution types. Methods. A total of 5,793 men and women were recruited between 2012 and 2014. Odds ratios for hypertension associated with constitution types and lifestyle factors were estimated. Lifestyle factors included smoking status, body mass index, alcohol consumption, physical activity, and sleep quality. Constitution types were estimated based on the Sasang constitutional medicine as the TE type, SE type, and SY type. Results. e risk of hypertension was significantly higher for SY (odds ratio 1.25 (95% confidence interval 1.03 to 1.52) and TE types (1.38 (1.10 to 1.74)) than the SE type even with adjustment of health behaviors. Compared with individuals who had an unhealthy lifestyle, those with healthy lifestyle scores showed significantly lower risk of hypertension in only SY (odds ratio 0.62 (95% confidence interval 0.48 to 0.81)) and TE types (0.69 (0.58 to 0.81)). e difference in risk for hypertension among constitution types was decreased with a healthy lifestyle (1.34 in SY and 2.35 in TE types, as compared with the SE type) versus an unhealthy lifestyle (2.21 in SY and 3.64 in TE types, as compared with the SE type).
Introduction
Hypertension is a major disease leading to various secondary diseases, including myocardial infarction, stroke, and renal failure [1] . In 2010, over 30% of the world's adults had hypertension [2] , and the estimated annual death rate associated with hypertension is increasing [3] . In the Republic of Korea, the prevalence of hypertension showed among adults in 2016 was nearly 30% [4] , accounting for the greatest proportion of healthcare expenditures [5] .
As reported in previous studies, lifestyle factors are known to be related to the risk for hypertension [6] , and a healthy lifestyle could reduce the incidence of hypertension. Shafieyan et al. showed that the score of healthpromoting lifestyle profile in hypertension participants was significantly lower than the score in healthy participants without hypertension [7] . Another study investigating the risk of developing hypertension reported that participants with healthy lifestyle exhibited 46% relative reduction in the risk of developing hypertension compared with participants with unhealthy lifestyle [8] .
However, the effect of lifestyle factors might differ according to individual factors such as race, age, and sex. One study showed that people from South Asia need more physical activity to obtain the same cardiometabolic levels as white Europeans [9] . In another study, healthy lifestyle showed weaker association with hypertension in older compared with younger age [10] . e results of these studies showed that the effect of healthy lifestyle could be different by individual's characteristics.
As one of the medicines considering individual's physiologic and physical characteristics, Sasang constitutional medicine classifies people into four constitutions based on their traits: Tae-Yang (TY), Tae-Eum (TE), So-Yang (SY), and So-Eum (SE) types. e traits of each constitution include psychological characteristics such as body structure, function, and metabolism. Each Sasang constitution has different strong and weak organs. For example, individuals with the TE constitution have a strong lung and a weak liver [11] . Because of these differences between constitutions, some medicines or herbs might cause adverse effects in individuals with certain constitutions, despite being effective in treating those with other constitutions [12] .
As each constitution has different physiological features (such as the congenital strength/weakness of the internal organs), the susceptibility to disease also differs between constitutions [13] . For example, the SY type has weak kidney function and is vulnerable to renal disease while the SE type has weak spleen function and frequently has digestive malfunctions [12] . Previous studies have showed that the risk of diseases including hypertension [14, 15] , prehypertension [16] , metabolic syndrome [13, 17] , diabetes [18] , abdominal obesity [19] , and cancer [20] differ according to Sasang constitution types.
Because of the differing disease susceptibility of each constitution type, the effect of risk factors on chronic diseases such as hypertension might also differ according to constitution. Previous studies have showed that predictors for various diseases such as metabolic syndrome [21] and nonalcoholic fatty liver disease [22] were different according to Sasang constitution types. For example, higher body mass index (BMI) is a significant risk factor of nonalcoholic fatty liver disease in the SY type, but it is not significant in the TE type [22] .
Although several studies have assessed the risk of hypertension by constitution types, there are no studies investigating the effect of lifestyle on hypertension by different constitution types. In this study, we aimed to investigate the effect of lifestyle factors on hypertension and to assess whether those effects differ by Sasang constitution types.
Methods

Study Population.
All data, including Sasang constitution types and lifestyle factors, were compiled from the Korean Medicine Data Center (KDC) of the Korea Institute of Oriental Medicine (KIOM), which is the largest clinical database of Sasang constitution and Korean medicine in Korea [23] . KIOM collected these data from June 2012 to July 2014 as a part of community-based cohort study, which was conducted for the general population aged 40-69 years living in urban and rural areas (Ansan, Ansung) in Korea [24] . All participants underwent a comprehensive health examination and on-site interview to collect information on disease status, lifestyle, and Sasang constitution types. Informed consent was obtained from all participants when data were collected.
e Institutional Review Board at the KIOM reviewed and approved this study (I-1809/006/001).
Classification of Sasang Constitution Types.
To assess Sasang constitution types, the Korean Sasang constitutional diagnostic questionnaire (KS-15) was used. e KS-15 was developed by the KIOM based on information on the body shape, temperament, and symptoms, and validated [25] . is questionnaire consists of 15 items including current height/ weight, six personality questions (e.g., broad-minded? extraverted?) and eight symptom questions related to physiological functions (e.g., digest well? dislike cold or heal?). Detailed information on KS-15 was reported in the previous study [25] .
Assessment of Lifestyle Factors.
Lifestyle factors for hypertension were selected based on previous studies, included smoking, alcohol consumption, obesity, physical activity, and sleep quality [26] [27] [28] . Smoking was defined as current smoker, former smoker, and never smoker. Obesity was assessed using BMI and categorized as normal weight (<23 kg/m 2 ), overweight (≥23 kg/m 2 ), and obese (≥25 kg/ m 2 ) based on the World Health Organization Western Pacific Region criteria [29] . Alcohol intake was measured in g/day and participants were categorized as nondrinker (<5 g/ day), moderate drinker (<15 g/day), and heavy drinker (≥15 g/day). Frequency, duration, and type of physical activity were measured and defined in total metabolic equivalents (MET) minutes per week. For the analysis, ≥500 METminutes/week was used as the criterion for healthy physical activity levels [30] . Sleep quality was measured using the Pittsburgh Sleep Quality Index. is questionnaire measures seven components including subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medications, and daytime dysfunction over the previous month. A total score of ≤5 is considered to indicate good sleep quality [31] .
To determine the scores for a healthy lifestyle, each factor was given a score of 1 if the criterion for low risk was satisfied, i.e., never smoker, BMI <23 kg/m 2 , alcohol consumption <5 g/day, physical activity ≥500 METminutes/ week, and good sleep quality. Even though Sotos-Prieto et al. used the lifestyle score considering different weights of each lifestyle [32] , the lifestyle score measurement reflecting the impact of each lifestyle is not clear until now. So, in this study, each factor of lifestyle scored one equally based on previous studies [28, 33, 34] . e total lifestyle score was the sum of these five scores, ranging from 0 to 5, with a higher score indicating a healthier lifestyle. All individuals were classified into either the unhealthy (score 0-2) and healthy lifestyle (score 3-5) groups, based on their total lifestyle score.
Diagnosis of Hypertension.
Hypertension was identified through blood pressure assessment and the standardized questionnaire asking whether the participants get treatments for hypertension. If they had an SBP ≥140 mmHg or DBP ≥90 mmHg, or reported the use of antihypertensive medication, they were considered to have hypertension.
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Evidence-Based Complementary and Alternative Medicine 2.5. Statistical Analysis. Each lifestyle factor and hypertension prevalence were summarized using descriptive analysis and expressed as mean ± standard deviation for the total lifestyle score, which is continuous variable and frequencies or percentages for categorical variables. e differences in lifestyle factors and hypertension prevalence were evaluated using the chi-square test. To estimate the odds ratio (OR) of hypertension prevalence associated with constitution types and lifestyle factors, we conducted a univariate or multivariate logistic regression analysis. Age and sex were included in the logistic analysis as covariates. e risk of hypertension according to constitution types was also calculated and displayed. Statistical analysis was performed with R version 3.3.1 (the R Project for Statistical Computing, Vienna, Austria), and p values less than 0.05 were considered statistically significant.
Results
Prevalence of Lifestyle Factors and Hypertension by
Constitution. A total of 5,796 individuals participated in this study. One participant with no information for Sasang constitution types and two participants with missing sleeping data were excluded from the analysis. After these exclusions, we analyzed data of 5,793 participants, comprising 57.3% of the TE type, 25.4% of the SY type, and 17.3% of the SE type. ere were no individuals with the TY type among participants. e prevalence of lifestyle factors was significantly different among Sasang constitution types (p < 0.001 for all lifestyle factors). e proportion of never smokers was highest for the SE type, with 69.6%. Obesity showed the highest proportion for the TE type, with 69%; there were no obese individuals of the SE type. In addition, the SE type showed the highest proportion of nondrinkers (77.6%) compared with 66.5% for TE and 68.4% for SY types. Individuals with more than 500 METminutes/week of physical activity were most commonly of the SY type (55.4%), compared with 48.7% of TE and 47.3% of SE type.
A total of 16.5% individuals of the SE type had all five healthy lifestyle factors, compared with only 0.6% of the TE type (p < 0.001). e mean number of healthy lifestyle factors was also significantly different among constitution types, with 2.54 for TE, 3.05 for SY, and 3.50 for SE types (p < 0.001). Significant differences were noted in hypertension prevalence among the three Sasang constitution types. e hypertension prevalence was highest for the TE type, with 53.5%; this prevalence was 39.8% in SY and 30.8% in SE types (p < 0.001) ( Table 1) .
Risk of Sasang Constitution for Hypertension.
Compared with the SE type, SY and TE types showed significantly higher risk for hypertension. e OR for hypertension prevalence was 1.51 (95% confidence interval (CI): 1.27, 1.80) in SY and 2.76 (95% CI: 2.37, 3.24) in TE types.
is difference was still significant after adjusted sex, age, and health behaviors using multivariate logistic regression analysis, with 1.25 (95% CI: 1.03, 1.52) in SY and 1.38 (95% CI: 1.10, 1.74) in TE compared with SE ( Table 2) .
Risk of Lifestyle Factors for Hypertension.
In univariate analysis, ORs of former smokers (OR: 1.17, 95% CI: 0.97, 1.40) and never smokers (OR: 0.98, 95% CI: 0.79, 1.21) were not significantly different compared with current smokers. Compared with normal BMI, ORs for hypertension were significantly higher among overweight (OR 1.60, 95% CI: 1.39, 1.86) and obese individuals (OR 3.06, 95% CI: 2.68, 3.50). Compared with nondrinkers (<5 g/day), the risk of hypertension was not significant in moderate drinkers (≥5 to <15 g/day), with OR 1.14 (95% CI: 0.94, 1.37); however, this risk was significantly higher in heavy drinkers (≥15 g/ day) than nondrinkers: OR 1.52 (95% CI: 1.29, 1.79). e effect of physical activity was not significantly different among the groups. Individuals with good sleep quality showed significantly lower risk of hypertension: OR 0.90 (95% CI: 0.70, 0.90). Compared with the unhealthy lifestyle group (total lifestyle score 0-2), the healthy lifestyle group (total score 3-5) had significantly lower risk for hypertension with OR 0.57 (95% CI: 0.50, 0.65). In the multivariate model including lifestyle factors and constitution type, all factors except smoking and sleep quality were significant ( Table 2) .
Risk of Lifestyle Factors for Hypertension by Constitution.
e effect of lifestyle factors differed according to Sasang constitution types. No lifestyle factors were significant for the SE type although overweight was marginally significant. For the SY type, both overweight (OR 1.38, 95% CI: 1.09, 1.74) and obese (OR 1.53, 95% CI: 1.00, 2.33) groups showed a higher risk of hypertension, compared with the normal BMI group. e risk of hypertension was marginally significant for heavy drinkers, and effect of smoking, physical activity, and sleep quality was not significant for the SY type.
For the TE type, overweight (OR 1.47, 95% CI: 1.03, 2.11)/obesity (OR 2.85, 95% CI: 2.02, 4.04), heavy drinking (OR 1.47, 95% CI: 1.18, 1.84), and physical activity (OR 0.75, 95% CI: 0.61, 0.92 in <500 METminutes/week; OR 0.75, 95% CI: 0.66, 0.93 in ≥500 METminutes/week) had significant impacts on the risk of hypertension. Good sleep quality showed marginal significance, with OR 0.86 (95% CI: 0.73, 1.01) ( Table 3) .
Risk for Hypertension by Constitution and Lifestyle.
Individuals of the SE type with a healthy lifestyle did not show a significantly different risk of hypertension, in comparison with those of the SE type who had an unhealthy lifestyle. SY type with a healthy lifestyle showed a significantly lower hypertension risk than the SY type with an unhealthy lifestyle: OR 0.62 (95% CI: 0.48, 0.81). TE type with a healthy lifestyle had significantly lower risk of hypertension than the TE type with an unhealthy lifestyle (OR 0.69, 95% CI: 0.58, 0.81) (Table 4(A) ).
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In the unhealthy lifestyle group, SY (OR 2.21, 95% CI: 1.50, 3.30) and TE (OR 3.64, 95% CI: 2.55, 5.29) types showed significantly higher odds of hypertension compared with the SE type. In the health lifestyle pattern, higher odds of hypertension were significant in the SY (OR 1.34, 95% CI: 1.09, 1.64) and TE (OR 2.35, 95% CI: 1.96, 2.83) types compared with the SE type. e difference in ORs among Sasang constitution types was decreased with a healthy lifestyle (Table 4(B) ).
Compared with the SE type and the unhealthy lifestyle group, the risk of hypertension was significantly higher in the groups with the SY type and unhealthy lifestyle (OR 2.17, C) ). For sensitivity analysis, the participants were divided into three lifestyle groups including unhealthy (0-1 point), average (2-3 points), and healthy lifestyle (4-5 points) and compared. Average (OR 0.64, 95% CI: 0.54, 0.77) and healthy lifestyle (OR 0.42, 95% CI: 0.34, 0.51) showed significantly lower risk for hypertension than unhealthy lifestyle (Table S1A) . e difference among Sasang constitutional types was also decreased in health lifestyle since the risk in TE types was 3.13 in average lifestyle compared with the SE type, but it was only 2.07 in healthy lifestyle (Table S1B ).
Discussion
Sasang constitution types are associated with different prevalence of various diseases, from functional dyspepsia [35] to metabolic syndrome [13, 17] . Even though the TE type has the lowest cancer incidence compared with other types [20] , TE and SY types are usually reported to have a higher risk for many diseases than the SE type. In studies of metabolic syndrome, SY and TE types have showed higher prevalence than the SE type [13, 17] . For diabetes, TE and SY types have higher risk than the SE type, with only significantly higher risk for the TE type [18] . A recent systematic review reported that the highest prevalence of metabolic syndrome was in the TE type, whereas irritable bowel syndrome was most common in the SE type [36] .
For hypertension, the TE type has higher risk than other constitution types, according to the findings of previous studies. One study on the risk of hypertension by constitution reported that individuals of the TE type had significantly higher risk than those of the SE type, even after adjusting for age, sex, BMI, activity, smoking, alcohol consumption, and diabetes [14] . Another study also found that people with the TE type had higher risk of hypertension than non-TE types [15] . TE type is also associated with increased risk of prehypertension [16] .
In the book of Dongyisusebowon, each Sasang constitution has specific typical imbalances in the functions of the organ systems [37] . Pham et al. reported that individuals with the TE constitution produce relatively less heat, which indicates that the TE constitution has poorer metabolic efficacy than other constitutional types and has a relatively weak lung function, as the lung function represents catabolism [38] . Shim et al. also reported that the weak lung function of the TE constitution is related to a weak maximal aerobic capability, which causes an increased thermal equilibrium weight. erefore, individuals with the TE constitution are exposed to cold stress, which leads to weight gain due to a compensatory mechanism [39] . Because obesity is associated with cardiovascular disease due to hypertension and high concentrations of blood lipids and blood glucose [40] , this may lead to a high risk of cardiovascular disease in those with the TE constitution. Evidence-Based Complementary and Alternative Medicine e results of this study revealed that the TE type had higher risk of hypertension than SY or SE types. One study reported significantly higher odds of prehypertension in the TE type than the SE type in a crude model, but this was not significant after adjusting for age and BMI [16] . In the present study, the difference in risk among Sasang constitution types, especially for the TE type, was still significant after adjusting for age, sex, and lifestyle factors including BMI. Several studies have reported that personalized medicine, which considers individual characteristics, is important for the management of hypertension [41, 42] . Sasang constitution could be used as an index to predict and properly manage hypertension.
We also found that the difference in risk of hypertension among Sasang constitution types decreased with a healthy lifestyle. e OR for the TE type with an unhealthy lifestyle was 3.70, compared with the SE type and an unhealthy lifestyle; however, in individuals with the TE type who maintained a healthy lifestyle, the risk of hypertension was lower (OR 2.45). Likewise, the higher risk of hypertension in the SY type (compared with the SE type) also declined when individuals with the SY type maintained a healthy life. Engaging in a healthy lifestyle that includes refraining from smoking and alcohol consumption as well as maintaining appropriate weight, physical activity, and sleep might decrease the risk for various diseases caused by inherent characteristics, such as Sasang constitution types.
is study demonstrated that the effect of lifestyle factors on health is different according to Sasang constitution types. Another study investigating Sasang constitution type for risk prediction of metabolic syndrome reported different significant predictors by the constitution type. In that study, smoking and alcohol consumption were significant factors in TE and SY types but not in the SE type [21] . In addition to lifestyle factors, Cha et al. reported that the genetic effects on body mass differ according to Sasang constitution types, especially the TE type [43] . Further studies on the different impacts of genetic and behavioral factors are needed.
is study had several limitations. First, this study was based on a cross-sectional design. Cross-sectional studies have inherent limitations; thus, the order of hypertension and lifestyle factors could not be clarified. e higher risk of former smoker compared with current smoker might be caused by this limitation. However, our findings on the effect of lifestyle factors on hypertension were similar to those of previous studies [27, 44] . Second, diet was not included in the analysis, even though diet is associated with hypertension prevalence [27] .
ird, the present analysis was not adjusted for chronic diseases such as renal disease, thyroid disorders, and family history of hypertension, as such information was either not acquired or not appropriate. For example, the collected information about chronic disease included whether a participant had a certain chronic disease but did not specify whether the disease was cured or still being treated. Further prospective studies should include data on diet and chronic disease.
Previous studies have investigated the inheritability and genetics of the Sasang constitutional types. Hur et al. analyzed the overlap of genetic and environmental factors among Sasang constitutions and reported that the pleiotropic mechanism of genes may mediate the phenotypic associations among constitutions [45] . In addition, Kim et al. showed that the biologic pathways and core node genes are associated with Sasang constitutions [46] , and another study found a significant relationship between genetic loci and Sasang constitutions [47] , whereas one systematic review reported no conclusive genotype factors related to Sasang constitution types [48] , another study proposed objective indexes of the Sasang constitution type, such as the obesity-risk variant in intron 1 of the fat mass and the obesity-associated gene [49] . With an objective and reliable index, personalized prevention or treatment methods based on Sasang constitution would be more useful and beneficial.
Conclusion
In this study, SY and TE types showed significantly higher risk for hypertension compared with the SE type even after adjustment of lifestyle factors. Individuals with healthy lifestyles had significantly lower risk of hypertension compared to those with unhealthy lifestyles in SY and TE types but not in the SE type. e difference in hypertension risk among the constitution types decreased with a healthy lifestyle.
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